Background: Recently, physical activity (PA) was found to improve cognitive and memory functions in the brain; however, no epidemiological studies have specifically investigated this phenomenon in the Korean adolescent student population. The purpose of this study was to investigate the effects of various types of PA undertaken at various frequencies, on the academic performance of Korean adolescent students.
Background
Physical activity (PA) and exercise enhance the functioning of the musculoskeletal and cardiovascular systems [1, 2] . Additionally, PA is known to confer benefits such as improvement in weight control, bone and muscle strength, mental health and mood, ability to perform daily activities, and life span as well as reduction in the risk of cardiovascular disease, type 2 diabetes, metabolic syndrome, certain cancers, and falls [3] . Furthermore, physical inactivity leads to a sedentary lifestyle that in turn may lead to overweight or obesity [4] [5] [6] , and is known to have adverse health effects such as increased risk of cardiac disease, musculoskeletal disorders, stroke, type II diabetes, and certain cancers [7] . Therefore, adequate PA is considered important for good health.
Adolescence is an important period for establishing healthy habits [8] . For example, approximately 80% of obese adolescents grow into obese adults [9] . Many studies have investigated the relation between PA and health effects. The results of these studies suggest that it is important to increase PA and decrease sedentary activities to improve health [10, 11] . Further, PA was recently found to improve cognitive and memory functions [12, 13] . These reports showed that regular PA might improve the academic performance of adolescent students. In addition, several studies have reported that PA enhances academic performance and outcomes [14] [15] [16] [17] . However, while studies conducted in various regions of the world suggest that PA has beneficial effects on academic performance, and some practical meta-analysis-based evidence associates PA with academic performance [18] , there is no epidemiological evidence that indicates whether there is an association between PA and the academic performance of students in Korea. Furthermore, while some regional studies have analyzed this relation in Korean adolescents, no nationwide study has been conducted in this regard. Therefore, this study was conducted to investigate the relation between PA and academic performance in Korean adolescent students.
Methods

Subjects
The 5 th Korea Youth Risk Behavior Web-based Survey (KYRBWS-V), which was administered in 2009, was a retrospective epidemiological study with a complex sample design that included multistage sampling, stratification, and clustering. This was a national school-based survey conducted by the Korea Centers for Disease Control and Prevention (KCDCP) to estimate the prevalence of health-risk behaviors among adolescent Korean students from the 7 th to 12 th grade [19] . The KYRBWS-V used a 16-city cluster sample strategy, and the sampling frame of the survey included the entire country. A total of 400 middle and 400 high schools were sampled to evaluate the association between PA and the academic performance of adolescent Korean students, taking into account potential covariate variables. All the details of the data collection procedure have been reported by the KCDCP [19] , and this survey has been reported to be valid and reliable [20, 21] . The survey was administered to a nationally representative group of Korean adolescent students. Because the survey did not collect identifier information, ethical approval was not required. Further, students were given the option to not participate. The students who chose to participate in the study completed the questionnaire anonymously through the Internet, at their school. Teachers at participating schools were supplied with unique sets of ID numbers printed on tags, and each participating student drew one of these at random before accessing the survey web page and logging in using that unique ID number. A total of 75,066 adolescent students (39,612 boys and 35,454 girls) participated in the study, and the response rate was 97.6% (out of 76,937 students, 75,066 accessed the questionnaire online). The characteristics of the subjects are shown in Table 1 .
Independent variables
① Frequency of vigorous PA: The examples included digging, soccer, basketball, aerobics, heavy weight lifting, fast cycling, and swimming. The response options were classified into 6 groups: (1) no vigorous PA, (2) once a week, (3) twice a week, (4) thrice a week, (5) 4 times a week, and (6) 5 or more times a week. ② Frequency of moderate PA: The examples included cycling at a regular pace, carrying light loads, and playing table tennis, badminton, and doubles tennis. The response options were classified into 6 groups: (1) no moderate PA, (2) once a week, (3) twice a week, (4) thrice a week, (5) 4 times a week, and (6) 5 or more times a week. ③ Frequency of strengthening exercises: The examples included sit-ups, push-ups, weight lifting, and weight training. The response options were classified into 6 groups: (1) no strengthening exercises, (2) once a week, (3) twice a week, (4) thrice a week, (5) 4 times a week, and (6) 5 or more times a week.
Dependent variables
Academic performance was evaluated using the following question: In the past 12 months, how has your average academic performance been? The response options were classified into 5 groups: (1) very good performance, (2) good performance, (3) average performance, (4) bad performance, and (5) very bad performance. This variable included only the assessment of the academic performance of students according to examination scores, not taking into account their behavioral conduct, attendance, or other achievements. On the basis of their responses, the participants were divided into 2 groups: (1) those who reported below-average academic performance and (2) those who reported average or aboveaverage academic performance.
Covariate variables
Age: The age of the students defined by the KYRBWS-V data was used without any modification.
Body mass index (BMI): The students were asked to report their height and weight, and their BMI (kg/m 2 ) was calculated from the data supplied by each student.
Father's education level: The 4 response options were (1) unknown, (2) middle school or lower, (3) high school, and (4) college or higher. Data from students reporting "Unknown" were omitted from the multivariate logistic regression analysis.
Mother's education level: The 4 response options were (1) unknown, (2) middle school or lower, (3) high school, and (4) college or higher. Data from students reporting "Unknown" were omitted from the multivariate logistic regression analysis.
Family income status: The 5 response options were (1) very rich, (2) rich, (3) average, (4) poor, and (5) very poor.
Data analysis
All results from this study are shown as mean ± standard deviation (SD) values. The statistical software SPSS Complex Sample TM version 18.0 (SPSS, Chicago, IL, USA) was used in all the analyses to evaluate the complex sample survey. For statistical assessments, we took into consideration the complex sampling design of the KYRBWS-V. To Data are expressed as mean ± SD or N (%). * These records were omitted from the multivariate logistic regression analysis in Table 2 .
assess the associations between academic performance and PA, after adjusting for covariate variables such as age, BMI, parents' education level, and family income status, multivariate logistic regression analyses were performed. Statistical significance was set at p < 0.05.
Results
Multivariate logistic regression analysis of academic performance in relation to PA patterns, after adjusting for covariate variables including age, BMI, parents' educational level, and family income status, is shown in Table 2 .
Compared with boys who did not engage in vigorous PA, the following participants had greater odds of reporting an average or above-average academic performance: those who participated in vigorous PA twice a week (OR = Compared with girls who did not engage in vigorous PA, those who participated in vigorous PA 5 or more times a week had greater odds of reporting an average or above-average academic performance (OR = 1.532, 95% CI = 1.336-1.757, p < 0.001). Compared with girls who did not engage in moderate PA, the following participants had greater odds of reporting an average or aboveaverage academic performance: those who participated in moderate PA twice a week (OR = 1.113, 95% CI = 1.008-1.229, p = 0.035) and thrice a week (OR = 1.306, 95% CI = 1.161-1.468, p < 0.001). Compared with girls who did not engage in strengthening exercises, those who participated in strengthening exercises 5 or more times a week had lesser odds of reporting an average or above-average academic performance (OR = 0.739, 95% CI = 0.618-0.883, p = 0.001).
Discussion
The aim of this study was to investigate the relation between PA and academic performance in adolescent Korean students. The results showed that vigorous PA was positively correlated with academic performance in the case of boys, and moderate PA was positively correlated with academic performance in both boys and girls. However, strengthening exercises were not positively correlated with academic performance in boys or girls. Furthermore, PA and strengthening exercises-when performed 4 times a week or more-were negatively correlated with academic performance in both boys and girls.
Three hypotheses have been proposed to explain the effect of PA or exercise on the brain. First, PA and exercise increase oxygen saturation and angiogenesis in the regions of the brain essential for performing tasks [22, 23] . Second, they also increase the activity of neurotransmitters such as serotonin and norepinephrine in the brain, facilitating information processing [24] [25] [26] . Third, PA and exercise upregulate neurotrophins such as brain-derived neurotrophic factor, insulin-like growth factor-I, and basic fibroblast growth factor. These neurotrophins support neuronal survival and differentiation in the developing brain [27] .
The results of our epidemiological study indicate that PA may increase brain and memory function and that moderate PA has a positive effect on the academic performance of both boys and girls. However, vigorous PA has a positive effect on academic performance only in the case of boys. This difference might be due to the fact that boys undergo rapid physical growth during adolescence [28] and generally prefer sports-related activities such as soccer and basketball, which are defined as vigorous PA according to the KYRBWS-V. In contrast, girls prefer leisure activities that are considered moderate PA [29] . For this reason, we believe that vigorous PA has a positive effect on the academic performance of boys.
Strengthening exercises were not positively correlated with academic performance in the case of boys or girls. PA usually affects the circulatory system [1] . Thus, PA stimulates the brain by increasing blood circulation to the entire body. However, strengthening exercises focus on the musculoskeletal system and not on the circulatory system [2] ; therefore, because strengthening exercises stimulate the muscles, they may stimulate brain functions only slightly through increased blood circulation to the entire body. We also found that vigorous PA in boys and strengthening exercises in both boys and girls performed at a frequency of 5 or more times a week negatively affected academic performance. Performing vigorous PA and strengthening exercises 5 or more times a week is time consuming and would potentially deprive students of study time that could be invested in improving their academic performance.
This study has some limitations. First, it was conducted online; therefore, the family income status, parents' educational qualifications, and the students' height and weight were not directly measured; they were recorded by the students themselves. Therefore, these data might be inaccurate. Second, this study did not investigate whether PA might affect attention and alertness at school. Therefore, further studies will be required to determine the extent to which these variables might contribute to attention and alertness in students. Third, the academic performance variable did not incorporate behavioral conduct or attendance at school, and these factors might contribute to school performance. Fourth, this study was a retrospective cohort study; thus, we examined only the interrelation between variables, not cause and effect. However, the subject pool was extremely large and highly representative of the wider Korean population (75,066 subjects residing in Korea). Therefore, these results, derived from the KYRBWS-V, can be considered a valid indicator of the relation between PA and academic performance in Korean adolescent students.
Conclusions
We conclude that vigorous PA undertaken less than 4 times a week was positively correlated with academic performance in the case of boys, and moderate PA was positively correlated with academic performance in both boys and girls, in the adolescent Korean population. However, strengthening exercises were not positively correlated with academic performance in boys or girls. Furthermore, when performed 5 or more times a week, vigorous PA in boys and strengthening exercises in both boys and girls were negatively correlated with academic performance. Adequate PA can provide health benefits and play a vital role in weight control and reducing the risk of chronic diseases. Furthermore, this study shows that physically active adolescents are more likely to perform better at school. On the basis of the results of this study, we suggest that health-care providers incorporate PA in the students' time tables and encourage them to be physically active and consequently improve academic performance.
